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A Study on the Micro-Scale Heat Wave Vulnerability Assessment
Using Urban Data Sensors (S—DOT) in Seoul
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Abstract

This study aims to assess the vulnerability of heat waves using loT (Internet of Things) urban data sensors (S-DoT)
in Seoul. The vulnerability of heat waves was estimated at the "dong” level. A K-means cluster analysis was conducted
to categorize dongs into three groups. The first cluster was located at the outskirts of Seoul and around the Han River.
This group showed the lowest level of vulnerability to the heat waves and the greatest adaptive capacity with large green
areas. The second cluster was exposed to the highest level of heat waves and tropical nights, but it had sufficient green
spaces. The last cluster was the most vulnerable group with high level of heat waves and the lowest coping ability. This
group was located in downtown areas and CBD with high ratio of impermeable areas and low ratio of green spaces. In
conclusion, we suggested that expanding green spaces and reducing the disparity of green area across dongs would lower
the risk of heat waves. More attention should be paid to the vulnerable areas where dilapidated houses are concentrated.
Countermeasures against the heat waves should be tailored to the regional vulnerability. The results of this study are
relevant to the understanding of place-based climate change countermeasures using loT-based urban data sensors. Future
studies are warranted to further investigate the association between micro-scale demographic factors and the heat waves.
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Hol|(Basarin et al., 2020; Kotharkar and Ghosh, 2022) 24
g o33 nfo] QtE)

ZHor A% M= 71 9 252 B4 w2t thEA et
it i) A, 99, £5 5ol ek 2 A=rt gAY, A
o] HAS AF B, EAIOLE, AAe 5 A - AR
A - EA 7]Hte] mRpAE Zfo|7 doh(Hs - AP,
2021; #l% 2], 2018; Eisenman et al., 2016; Wouters et
al., 2017). 53] =AER A PYsh= E2FL =A] 17|F
(micro—climate)®] ¥i3Hg do7itk(Le Roy et al., 2021;
Kotharkar and Ghosh, 2022; Wouters et al., 2017). T2}A]
A4 e HAds AAE £ f3AE 71 SElelAl
A= HERE of 2} mAl9} 2|2 2] Hgo] AHA|3] WhdE &
& AR HE TFEshs Ao FA o] FolAof Fh(il s 2
Ft, 2021; Hi917] €, 2020; BF%, 2020; Le Roy et al.,
2021).

o1& WHgdh: % Z HoE W71 A7 TS AR
H EAQ} X% ] ENjo] F o] YUsHA BIEE IS Bl
T Qle}, 27] 57), Al = 9] 5 339 AHdoflA o]Foixl F
o4 B7HE AIFCE(H719 - AN, 2008; Moss et al.,
2001), Al- - 291 AR 9, 2020 ©1974 2, 2013;
g |, 2011), & 9-F 999 AH-EH7IE 9, 2020;
2l 9, 2018)°ll °127171A], A2 FA T AT PHEL Y
o w2t Azt AEEE 53 D9follA FoHd W77t aeslE 5L
et

oJAY EA| ©flelA] 7|FHBE HoMS B A=
Zt 2AZE A 3153 B|PE)7) 2] SR oYzt 714 B4 o
Al 5-23] a2edfof Tr(HE-E4, 2018). 53] Y, =AEH &
d 3L dESH= 7138919 7] 2% (air temperature)i=
ZAIZ o] wet FA|H o2 W] o] AluEt 340 8
TErHLe Roy et al., 2021; Wouters et al., 2017), L2t
d FFEE B SU ATt 2 SRSy
(A0SO AWS) ARE ARS8} 2|99] 7)4d88le S48,
urE o B TP FHERe APARADAER 1~2d J=
o] Zulto] A2H o] glojA 7} A 9] 2AF 715 B4
Hefsh= Hloll= A ATHERRIZ) 2, 2020; AR H5E,
2018). =AAQ 7|58 AU ZYE P (monitoring)3H4]
R A, Al LA A FA S 3o] o]Fo)E 4= glon o]
£ 2 i Al w2 ojojA|A] Hrt, mabA 2 37T 3
= (fine-grained spatial resolution)?] 714 ZUE P& F3f
EA 529 7V S HEs] AnE et JoHEE4,
2018; 41343+ 0|42, 2014; Le Roy et al., 2021).

S, 22 43 A o] diEol met AlA T8 EAA
AHEUE Y (Internet of Things, IoT) 7]¥te] vlo]ag 24U
(micro-scale) =A] AAE AlHA R ®9I5lal }tt, [oT 7]
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Hhe] TA] AN 717|485 of B3 BeEjnlgo] Wi A
2, A& 5 71E gz 2 vlE- glo] A 7hsdth= A3
o] 9tHChapman et al., 2015; Shete and Agrawal, 2016).
SERtel Al AEA7E 2019855 AntEARE 65" F29)
2O % S-DoT(Smart Seoul Data of Things) 1Zehs 75
317] A8l S-DoTol®, Al&Al 99| =A| E4d2 53
9 24311 glofg 7ute] RetAQl 3 Y 7|HhE vistr]
gt 10T 718ke] ZA] Hlof&] AiAjojchAntEANEEZE, hitp://
smart.seoul.go.kr). ol A&Al AHe] F 1,100H7} AA =
o] 7|12, vNHA] F ZF TS HEShes A= 714 Hid|
o[elE g e At EF, CCTV A, A& ¥d
T g BT Ao A Ho| 2 RS Hast
YeuR F7P|AESIN B A9 4 HHAoR
Fol e EA| n|71F F40] 7581t

olo] £ A= EA| W AY GgjoflA apHstd £ i3 A
o i3t =971 asirh= QlAsle], S-DoT AllAoflA 53
E EA] 0713 HihlojelE B8] AeAl 4 S 33
T TSHolA Hrlstaa sk, a9 3744 Hel= 1,10049
i S-DoT AlA7F A2 &A1 2 g8, Tt AL 4]
A FAARE A6 84T & e TS 2HEHE S
o}, A7 9= 20219 58 (6~8R)E Ao, 714
A7 ol9le] A BA AR5 A4r9| 714 o na} 15
7hedt Al A= E 283t

& d79 4L ohadt E 3R, EEAEE 3 IPCC
7|FR8t Fopd B4 SS v e R £ 3o B7HAEE A
et B4, A= o= U AR 37 &91e] 715 HolE
& &3] S8 S-DoT #AuE W3 AEF F A=
(pre-processing)3titt. A, AQE £ FoMd B/REE
vl o2 MEA| A T 4 FoPS B U
A, 4 4 71 AAE vige g A9E {Fssid vt
Aoz, 2o §34d L4 df-gd=fz gt FAH AR S
A8,

Il. O} A ML
1. 71=HsE HoFY Fote| 7HE | BME

7|38t fSlES YRHA e 2 Y8Kmitigation)?} 25
(adaptation)o|2h= F 7H4] T4 =9t #3Hmitiga-
tion) *¢HE 71FR5te] 9lo] Hi= ATEA HiSE £0]7
U g d &S AISHE § 7|7 HE T o4 HAEA] KEk=
5 1 UAE A= Ao, H-${adaptation)S A F-2
ojEe] o= 715l A g2 Hadsial 34E
Q 92 71312 B8sh= A vRITHAIAY%, 2011; IPCC,
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2007). BAN:= F2 2A7IA 35 5 A3} AFo| 52 W9k
o, 713Hste] S44 ol 3t M F2HAQ AdE AR
olf L, FARE L] Yol Tt M AFH =T A HEHF
RS da g FrHIA, 2011; 744 2, 2015). ol2 U3
3] A5 AY 2HHoA 5242 Bigo] 7hed A
Qo 2L 51 2858 S T3l 7R T wfEE
LAl FFeE Yotal eHFqE ¢, 2018; IPCC,
2007).

7|3 Rgto] offt JRRE A gnitt of=A ey wiize] A
9] 3N FRS Jr2isle] HSAHAE HEoF 't A Y
71513} e 7ol 2ljt 3134 FAIEE TR
THEAHAFE 2, 2013). 22} 2 2ol o]of 22 HA]o]
Ao 2pHshE HA o R o]o)2)7] ofFrhz A7} A A € HA]
2 5414 (place-based approach) 222 Hgo] 7tz
E]7] AZEHTH7Z37g-2- 018 %], 2012; Dessai and Hulme,
2003). A4 FHAY HZ2 AFQ 331 @Sl AR A
A 545 st A8 % S =Eshe 2E onidit
(Adger and Kelly, 1999; Masterson et al., 2014). & 7|3H
slof] ATtE o2 f-33t7] S35 A% Fofl= 1 A9
E/Jo] utgElofof fh= Aol

o|AY =A| &9l A B4l 7|NkS & 7153} H-54 A
= FH7| YA dEst 24 7N 7| s Hord 3
717} 8 E ofof 7tk FoFA 7ke AHd, F2E A F
b mofsto] o] 9459 2 A%t JEE AT
cHA o2} 9], 2017; Fiissel and Klein, 2006). 7134, £¥]
248 oh 2} ALS]- AA|A, Q15 £ F o8 849U& vt
o2 1 Al2]Q FopdE BI5E] fzel =A] E A &9
44 7H Wol EEHT e WHolth AL 0B84,
2012; EU Environment Agency, 2010).

7|33} Fok B7hE 8t a7ES e 5 S
off whet 2|3 A7Aof| o]z} AN, thEE IPCCQ007)S] 715
WS HoM W7 e S Ve R ARE AYsta BAE 3
St IPCCE 71393} op8 S 7|5 Waa =3 7|15 A%
< EZ[ 713ste] FAE g3kl tigh & AL &AL |
A= % AT 4 Qs AE"E FYBIALIPCC, 2007), <X™ 1
AE 71F =2 (climate exposure), U= (sensitivity), 485
H(adaptive capacity) 22 FA5= 2E AABHTHIPCC,
2007).

WA 7]%-1=2(climate exposure)}< A AT 0] 7|50} T
Aol =58 AEE K5, AAQ fAY 71 FHste] A=
ol wet el 4 Qs 71, A 52 An)dith thee s 1l
H=(sensitivity)= Al2F0] 7|5 B A=) oisf duput 7zt
st Whgsh=AlE UERdL e R A-g-5(adaptive
capacity):> 713H3] AT = e A Ee= 58S 9

Climate Exposure (+) Sensitivity (+)

I |
v

| Potential Impact (+)
| | |
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Adaptive Capacity (-)
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Figure 1. Framework for the climate change vulnerability as-
sessment adopted by IPCC (2007)

ojRith, 71352 A9 7|1FaQlS wtgstar, =} g
TS AR A -2 A 8QdES Wt - FEA,
2009).

s, 7| Hsle] gt o] AL ] Tizkeo| ukel
30 3 (potential impact) 22 WeRA HaL, 28520
ue} 2F2Q1 M3 (vulnerability)o] 24 = F2olcHf7t
- dlel, 2008). FFE T8k ol Al 7H] 8= 7|15 W
371 Alage] 285t 2 ¥ E01AY 7171 AHF
Ql fQlEolc(d7|®- 443, 2013). & Sl 715Hste] 9
Yt o]gt $IFL £017] A Al FHM Y BFS Tt 4
kol Fokd Bt 787 FRE ATAHILAT - A3,
2009; H71&- 73], 2013). & AFolA: 7| FHL HE F 5
& FHCZ IPCC FoMd 71 5ol Wt A4 3Fsd &
& FoFdE Adsaia} g,

2. 29 Fokd Eot 2 gq1e| nest

4 oy wriet dEE AYATE AuEd, 7t A
AAGA 5 PATY G99 HoFS F7lsl7] g ARE 7N
uhslal FHeFAH S AEE A7t FE o|FA Ak WA 37}
elollA 715 HsE HordS W7 AR Moss et al. (2001)2
7|33} Sk Asfel didt HoPdS FHE R Hrtst
g, o] A o A PSP FARH R =%t A
T2A A MES W=t A58 = s, A
AlA|e] =7pE 713183 F|oHdS B8t

o] & ol A 719 - 110 (2008):= Moss et al.(2001)2] &
TolA AAE BEES SEvet Al Tlof 23 H8sta,
20009 A&A] ARE 7|08 £ 3 7Rae FHpdE A
oakgict, L A7} Moss et al.(2001)2] d+ 239} 2ol & A
sk olF B3l 2t =7F ARl Hs FA A= T /A
& AA8teTt, o]2fgt A5 7| st A BIHE ¢13 7]
WS nlAskgicks 227} GlAIRE, FH A T oA A}
3 A|Qto] o]FoR] 3L Qlrhi= §HA| HA] EAFHCL,

olof 247 - 2184 (2009)2 7|53} FofAd o] FAA|AFA R
ofulg} 7|22 A YoM E LS BY Zojek= AASe] 73
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7|29 459 7He e EAeS AWsloith B71% 3170
A& g2 sleH, A A4S o] 7] 2|2 A o A
8- 7Fss oM B E APESIl ol F At T =
Al TS 7154 - AL3)A] - B2 A @3S Rl §i3 =g
2, AT delA E HS Addshe 778 ol
CHEFA 9, 20205 ©19A £, 2013; A -HEA, 2011).

FToll= A AR 37 e EE A mere Fh e
2 395 99 HY Frt oA Qirt, o7 439
71ZAEE FHAHCE FHE 2719 Aol 29 & -
T 9e] 75 EX 39 715Rs oS Wbk 7
T2 Bk ZH0] FHE F A7 A& 2Q018)= A5
HA| P dololA E FHeP A4E APHBAL Moran's 1
4 LISA #HAEE A8t £ e 38 A7
= RISIG), FAR AR 7] 2202008 A= AR
A TS o2 RY FHS B8kl o] A+
2 a9l £ digA +US A8 AR B8+ Tl
A TIA1 A1 EAE $=3s1ith= 2197} Sl

Z4E 3PS BB AR AT HE B, 2719 FHAU =
o5 AlZto 2 A} uA|FQl P2 o|27]|7HA] FoHy B
7Pk aLEskE A QL3-S metaiait, o) 2 BEL AIRAY
o] AL3]- ZA|- B4 A oS Whad A FHAR] A place-
based approach)ﬁ’-ﬁg‘] B 5o] vtge Aojgt & 4= 9l}. o)A

H =A 9 A Dol Ao HL 71E Fokg At 7 B
53 A7 olE Hout, A Fo| 1 AH ] A-3A e
e AAE 4= gle vz F a3t Cutter et al., 2008).

3, =9 FAE disshes 71481 di7] LEE EAIR
of whet S22 o2 WststE R (uivl7] €], 2020; Le Roy et al.,
2021; Wouters et al., 2017), A ©9lo] A w2 A=
9] 7|3A =7} PasithEE4, 2018 AFA-ol5d, 2014).
T P Bt el gleollE s 7149

=l i el B et 1=

UA AET S AYAT7e] JRELS 77 EEA]
(ASOS- AWS) 714Ata8 &3t 29 A4S B7ieta 9l
AvtE o 8 77| AAERHE AYAAGAE 1~20] F=
=gt Az =] lo] A W FA|FRI 7|4 #4dE Edslr]
olfithe AL SIthAIRIE - A5, 2018; F&|A ¥4,
2011). AA AEAl9] 4%, (™ 2-9AE F 2799 AWS7H
&9 Folct, 2t Fe HA] U Qg =X, FAXY 52
2 AR Hjof| A ekt EX|o] 8- #jte] njE 2k zlolE 1
SUiR] SEehcHul 7] €], 2020). YF APAFoAE o)5 vt
312} F1HE 7P (spatial interpolation)& 2838l 4 &
7Fest 2|90 AR g | SR, ST IAEERH] 7+
A7t AFstrlel Be S8 89 wEe] AA 7l 2
A g 4 doks EA47F ATHA715 - 2tE4, 2017 w84,

a.

® AWS(n=27)

AWS (Serial no. 410)

e S-DoT(n=1,063)

Figure 2. a) AWS locations (n=27) in Seoul and an AWS device (Source: KMA),
b) S-DoT locations (n=1,063) in Seoul and a S-DoT sensor device
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2021). F771EEHY] 21 g7 BRI Q18 el
Q0112 A, AEA] AXTFE LR 7153 F o
B71E s¥ste oA ZF @4l digh HFE Frlske
R A R U ol A ] i L

ol¢} &) dfe] Atoas F2 QT JARRE B3l =
A3t A EH 2= (Land Surface Temperature, LST)E =9 F
ok B7tol E-83tHBuzasi, 2022; Guha et al., 2018; Li et
al,, 2019). VFHA FBARS] 34 WS FHHNA = 3]
A= $40] 7Fs3 Aol AtHR71%- 84, 2017), 12y
AFHA Ave FAFTIE Q] B/F 717 EAE o &
F, 5 5 713AE EoF sk WARE0] JTHEE]
47782, 2020; Karanja and Kiage, 2021; Wilson and
Chakraborty, 2019). §3] o{§3Ho] £4 A|I7|d 7% At
FHFoE AMgo| 2718 4971 Brhe $AE R,
2021). EZ, G4 Ao E 2HE EH 2= AA o7
2E9} thA Zol7} JITHFANE, 2014). WEpA] 2@} o = Q1
g =ANS] 7717 53 Y A7 g Uyd
wo| Y= 7] =5 B835h= Zo] v A 715 ¢
£, 2017).

olo] i A= L AHEH Y (Internet of Things, [oT) 7]
0] WA 3 43 W= AA Y 7R E B85t
Z4 ] H7h Aol A4S "HEstA st v=(r
£), =(EH21), A20RIEIEAZY, AR E) F A4 8
ZAIE ofy 2t LEjuElell A= A1&A171 20199 S-DoT AlIXE
E4SHAA m|AIF 7 TjollA 714F A areket = QA H
qich, 0l=202192 7|02 (1’ 2-by 9} Zo] A2A] A Yol
Z 1,100tH7F ARE]e] 712, ulAEA] 52 $33aL Qi 17
L o}z] A8 27] TAlo] 9 S-DoT =A] HlofE AlA 5g
AF-E A o] 285 A= WA gt

2|2 3 veE2021)2 A EA Hlold Al ARE
8% g A Ak B0 Sl glom, A &
A 71714 (ASOS - AWS) 2tje}h 71 9l2efl AAH 12
7] S-DoT AlA ElojelE thde R 2020 95H(5~8%) &
ol& &9 7122 vlaLsiqirt, 1 A S-DoTelAl S 7
20] 7T 7|28} oF 1~1.5T ¥A Yeht ulAH F
7 2919 7|53 284S AERisiEd. A A=
S-DoT 7|-& dlo|H & EMZQ] 4o &8t ] 2z A
T2A 2oF Adr), T2 240 AAES e Tadt
2% Zpo|uh ERISEA glo] ARAQ =A] E 7 A AY
AR o2 o]ojx|7] oY k= §HA7} et

olo] & ¢+ S-DoT AlA] HlojEle} 2| FAAERE &
&to] A2A] ZE FHS BT DelA Brleka, FAH
AL A Fshs A B2 o= st ko] AL oS3
2ot AR, AEJAEY(1oT) A4 715 71382 E 888 1t

BAE 4 lld uA 37 B9 7 BARE EF FGA
H7t 2o uigdeioict. EA, ob g Ao AHFH oz &
£4 v7h 9l S-DoT AlA 719t Hldlo|g] A (pre-pro-
cessing) H8& AL AAslo] F4 Aol EfE vhds}
et AR, Azt 7 gAtRed LA FHEAE B3l A
A2 ©9]9] A2 F413 (place-based) ZH thHSHLE AA]
3t3L7} ket

I, B+ =
1. @7%= | e

B 7o) 37HA ¥i9= S-DoT AlA AFS A8 52 A&
AlolH, AHFS AR 3ot AIZH HgE 2021 o
H~39)= AAsg. 715g, A%, Aozl 4
W 24 e FHo] o] dgef el (proxy
variables)& A7g3fjof SIH(H7 |- HEF, 2013). & AFe= 5
3] £, TAI94, E(heat) T T APATF DHLZ HIFo 2
YA T9ie] =A] 9l BHFAE HopollA] 83t Q= HA
WA % ARt stglen, HFHom AHE MEwse
£ & DI 2, 3, 71Fe-E0 UEE MY B(+)9
WA, A5 H(-)2 TAE Yehlie A E2 8|4 7hs3)
o, AR 53 A4 & DS F st

1) 7|1Z=E(climate exposure)

i AtoA] MRS 7|FeE M 20219 A5H(6~8Y)
ol FEE ZHYF(Y HIAFARE 33T o4l Ee] )
2 drjjop(U HALE 25T oAl Fe] Si)oct, EHS
Uehfle 43X e dAtaiet 71| ARl 4 o
< Y713t iR APdts ZHUs, Fdofds, 9
71& & 71&(temperature)¥} HAH HLE AASIGHZ]
= 9], 2020; ¥iR17] 2, 2020). 22 AlRIEC] AA AEhe
Y AEH A(heat stress) = H7| 2= of gt He7kA] et
A& (sensible temperature)? #°] FHAEH &
7], 2016). Barreca(2012):= Ul=A| G of| 41 &) F=} AMGE 719
B4 B3 AdFoR L5711 63 N HY4E 2948
o2 Qg AFYEO] 222 ERIEIE T FH EE 94 of
2 EAS Wigetax wr|ES o a0 o 21 A
AE2 HWAT v} Qlrt? olo] B dFol = 7]1& AFolA =
A=|A] ot AFLEE 71E02 EJUS'E A&,
AZLEE 71830 gt A8 Adk AP 71
o2 Aibstgltt,

B AE AgACA EUTE IoT 7I¥ke] EAglolE AlA
S-DoT o83} 713 ked M-S 335319t S-DoT 4
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Table 1. Heatwave vulnerability assessment indicators

Category Variables

Days of

Climate exposure heatwaves (+)

Definition Sources

Number of days when the maximum daily Seoul Open Data Plaza (2021)
sensible temperature is over 33C

S-Dot

) Days of
tropical nights (+)

Number of days when the minimum daily Seoul Open Data Plaza (2021)
temperature is over 25C

S-Dot

Percentage of Elderly people (aged over 65)/
Somatic elderly people (+) total population (%) Seoul Gpen Data Plaza (2020)
::ér:g:abﬂlty Percentage of children® (+) Children/ total population (%) Seoul Open Data Plaza (2020)
Percentage of disabled (+) Disabled/ total population (%) Seoul Open Data Plaza (2020)
Socio- Percentage of Elderly people (aged over 65) living alone/
econl'10mic elders-living alone (+) total population (%) Seoul Open Data Plaza (2020)
Sensitivity  vulnerability percentage of Basic livelihood recipients/
*) factor low-income (+) total population (%) Seoul Open Data Plaza (2020)
Percentage of I . s KOSTAT (2020)
dilapidated housing (+) Dilapidated housing/ total housing (%) request of information disclosure
Urban- -
. Percentage of : 5 Seoul Urban Planning Portal
feggtlgcr)nment impervious area (+) Impervious area/ total area (%) (2020)
; . Total population/ total area
Population density (+) (number of population / k) Seoul Open Data Plaza (2020)
Percentage of green area (-) Green area/ total area (%) Seoul Open Data Plaza (2021)
Infrafactor  cooling centers Number of cooling center/ Ministry of Public Admiristration
er 100,000 people (-) total population (100,000 people) and Security (2020)
P ! peop pop ~UY peop request of information disclosure
Civil servant to Total population/
gt Institutional Population (+) prescribed number of civil servants Seoul Qpen DataPlaza 2018)
aptive  factor : ;
capacity Social welfare budget Social welfare budget (1,000 KRW)/ Seoul Open Data Plaza (2019)

0 per capita (-)

number of resident registration people

Accessibility to

Distance to the nearest

National Geographic Information

public health center (+) Public health center (km) Institute (2020)
Health and T : . .
Accessibility to . National Geographic Information
welfare Distance to the nearest EMS (km) .
factor EMS (+) Institute (2020)
#f;:tsasggrl:tﬁo Distance to the nearest Fire station (km) ::l*;?i?l?tﬂ (C;‘%%%r)aphm Information

(+) The higher the value, the more dangerous, (=) The smaller the value, the more dangerous

A= BAER(PM,,, PM, ), 712, diEE, 43, 24, 2
T T TS SRR, WY, 47 5 F 127119 274 o]
B[S 28 O9E S48, 7123 JdisE dolEE 4 34
Fhh= HollA A2 AFE] olsithz Bdel Ut S-DoT
37 AAox EA3E HAZE diojge A&dddels 3
(https://data.seoul.go.kr/)olA 5 7FsdhH 1AI7E 9=
AbsHA e A S STt

2) 2IU=(sensitivity)

2 At Eo digt fedo] 7%l B A B4 wet g
A= & a2k R e (sensitivity) A EE 2T, A
3AAAE, A1 Hekagloz a1 F 871 AIRAEE
A7kt

A BESHA Fofkagle w010l o] Aofel vl& 5

220 "2EAE, Hs5TH M55 (2022)

o] Al 7HA] A &2 T =T o2 Ao v
A7 s A2 o] BEte] 2ol fH3] o2l
dE2Q 2 FHAISOITHOIUS €, 2014; A=k, 2021;
IPCC, 2007). $-2vizt 133t 52 3 ddajx|a glen
E ZPd3] Fogjiof & Ao, ofdlols AAR FRI TR
< AFBHA] AU EA 2} 2ol FAE AL AR e
F3h= 5 Al Ake]| & E oS o AP QL g7t o] H7)
Fof 57t "asiciuiul~] 2, 20205 Aejet, 2021). vpAlEL.
2 FofQle A2 o]y W A% o] o] ASo R WY AF
oyt A& 5 H9IE W3] of@ i Unk ARt Zpe] Ao 22
=24 7FsAe] At

AB|AAA HokaloR EALQ HlEH HAES HlE F
7H] AR #E ARt e, L5359 A IS

TEAE f2HeR E88in. EARU2 b9 &7, AP
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o2 ARIE Q] TAZE A2l wot A o2 - dhe Aot
o, m2ha] 222 Ao diAfs7] oY1 =7k =l oE
Tyl gle A4 A3 ATHHF 2], 2012; Klinenberg,
2015). ALE5F2) 79 E717] &5 4R} 7FeAIZt0) Aas
Soll nlsf Fersted(oizt &, 2017) FHFel g4l =22 5= 3
o, o2 3 FAMY § L2OoE AT Aol RS g2t
ol AAA oo Qle) whe diA7t 27Fs’t FE FoA
Folckatle - 243 F, 2021 ¥i97] €], 2020; ©JHF 2, 2014).

RGO 2 =AY Q1L e GETE vl BRETHE
HE, IFEES ARSI EAGE Bl FeR =5 O
=] e, "=A] 9 AR of| met EF olF 30
| opdel dEFY S o stk EFY 84 &2
AH2 € F780] w710 T 9 =AEH @3S SN
(473, 2016). EFTE&0] & AEAl= T B2 84S
ZEEaL Yo mR(RE- ol R, 2018) olF BEIHUL. EF
AT77H BHE EAR AL 715 HIR AT A 1ol AF &
27F e, 7]& oM E I EET} £ A F4 F
ool ®& Zor BAEG7|oI(AIE AR, 2020 HES
2], 2021) & =333

3) XSs=(adaptive capacity)
R Aog Huo ojugl AEH WA .22 910

2 ea F 7709 ARA RS ARkl exet a9le 3
4 =7 WA ulg Qg FoYdE HA] 48 88319t
9 9 SAAL A2 ff d F3S PAE 5 A B
= Fa3 2 Fo|th (&9 9], 2012; ZFHE- 0|24, 2018; =
32 A4, 2011), APAT HE F, o] ZE FHoH
Ao A 2358 Ao ARG o (F7IS 9, 2020; F
4 9, 2015; FHdllE 9, 2018), A7 EA] 2 A4S B3
A7tk At ARk} ohgs ERIEI TR A313, 2020; 2
371471, 2016; Chow et al,, 2012), °Jol wle} 39 9 &=
AHAE ZHo] 8 A7 29102 AA3|9r),

o 9dEE £ FAZY ST S A7 Sl
A Y oS 1 F SHUR, G B0 BA 93E 7
ZF o] A A2 7hs FUAAAE, w2l B AJE 52
&3t A 8l YT YoHH2F 2, 2012). FHH FH*
ZARoA AlFet A&A] Foifidle &9 3 dES 2,
WHA o] 2 A7) ok Fi9]4E7} o ERIEAtHA R
AT, 2021). FHALE 2 Fri9i4dE e o]go] 2E A
o QI3 A7 Y8 BE 4 Slvhe AT £42a
wheh(9F3] A - 8519, 2020 Bouchama et al., 2007) & ¢-o]
A FEAAEE ZhE S 9l E Y] uk AAste] EAjof &4
ahoict.

tgoz Ax3 9 FRY 1909 FIF + ¥ A%

ARElER] AR AR FAISIC, BN 7| F A A
Al F-9Ea(zA 7 - 484, 2009), T A5 SREE E9
& TRl et oSl didt el AFE FHs o] A
A%k A et w3t §HE 719wt Hep i IR iR
9] Ao A5 REY FAH NERE AR E=
GRDP, GDP & &8stk 4 - 4314, 2009; 28t
A3, 2020; 57H - 29l 2008). 2Y 2 AFoAE= A
SA7F £, gt 5 AR HA A A&E 15EA AES
B3l $171 A% Hoju7] ol HAISE AYdt: S
arejate] ALEER| dflitel | RE B84t i A#e] 9
PA5 F9 dlole F50] o # Y AT & HloleE &8
ahalct.

Z4 59| oI 2L Ao HEH, 557 54
S sk 3R 2 HE 7HA L] diell(HsE -
+&7], 2016) RALBAAE: A ALB)7t 7|5zt cjAE
T UEF F8% JUS sk 840|tHASZA - o|5F, 2014).
4 3o S F7RE AATY s ARE AES A,
T2 Bs, 57|, SFABRAAL, 2UA T 718 7)
T, Y 5 5 A 2RSS Tk gl

SRR Q=7 A AFETHHY, THEY T WYY 5
ool et ozl K By ol 2 2bo)7 1ol B8F B9
Ao &8sk 22 AEsHA] gt B Hs $HORA|
A, A T AET BN 2AE AHEA FHHeE
W Al &9 FoFd Frtolle AEsAR, 34T 99
Hrtells HA31A] gt wdaiqict, olof & A FEAR
EREA 2 PPFo2EE 1 7R BA7E, A4,
SEYEAA7IA Y E=2 oF Arjets Al 7HA A&F A8}
%ct?

2, S-DoT H|0|E] Fi%{2|(data pre—processing)

£ AT AT FEYeet Frliords ARE FE5]
A= 1 70l H=  FaL AE2rmet d A7) & Ak
3k Bgo] AdgEofo g}, 22wt S-DoT AlAE= AAIREL.
2 3% ol E Ex 715 §lol AlEstr] o] Ho]
HE 2837] A AR BATEE AR #2021 o
E4(6~89)° ¥3E S-DoT HolHE HES 27, thait 2
2 532 4T 4 gl

37, 1,10059] S-DoT A= 1,063H2] T84 AlA (sta-
tionary sensor) 2t 3719] “0]5-4] AlAl(mobile sensor) &
=k, 234 A= 54 ARl A E HAFEE Tteld
= Qe AlAfolat, o] FA] Alxle Al eF So= QI8 753
o2 g=o] YAHEE w4+ Qe AXE Tt 2 o
T HARETE AF T 24 XY golEthe 24
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x| Ze

o= 319t}

ER|, A% o7 502 &) 72 S-DoT AlAujct Y2
glo|eE Fyek= STt Aolsitts A%Me WA &
S-DoT AlA= 602 T2 HlolEE Al5st7] whizel 317
243]9] £47150] 9lofof BAdol ek, 18 4] o2 AlA7L v
vld@z oz wAsich ofdd] YR AA(serial number
OC3CL200017)2] 7%, 689 140ll=243]9] TZ7]Z0] glont,
64 5¥of= 24 4412 FEG 25T, 6Y 7¥0ME
= dlo|g)7} ofd gii= 5 WILIAQ S Bt wEbA ¥
=9] glojg FA|aHg glo] U Fa- A7 g AEdittd A
Aol A B4 o771 HAE 7FsAdo] Act,

AR, dutct B35 S-DoT AN 9] $oF F771 e 4%
FAR}, 718 68 5%l 1,021909] AlAoA] dlojelr}
Eglo, 649 62oll= 826112 AlAloAgt BEgho] SAE 9
31 89 2999] ALofle BE MA oA FEgho] 71SEHA] gk
LFE 9l3ic), ole}h 2 dlojE AE Ak £ A A)7HY
19191 20219 6€oflA 89714 9] 7|7t 3 Hlo|g FHo] HAE
2| k2 ol AA HEXE Aldste] AASK= 5 dlolE A
?](data pre—processing)37g 0| B2 o]e= 2 AIARIT

2 dFolM= S-DoT Hlojel] ZAIE AEStL, Al=E
W BARRE 753104 (1™ 32 dlolg AA|zHgol whet
Z YIS FEstgon, 1 A gL ohet ) 3A),
AlZHE 712 9 A gloleo] B 2% & & ¥4
E 2IPke o|AAIE AlASN 7122 Alzte] wa) Fsigt
HES Hols Higolt), 2|117]2-2 b A7, HA7] 22 Al
8] AlZbdfjo]] BEElE Zlo] UnkHo|m R o]4kA] A Iof|A]
HEAZHE 18fshs o] Fasith (¥ 4~ AH J838Y
o= Bl @3} 7]&0] BSEAL FAHHE Hold F=
2 52 7|20] #&5H A9 o|BA R 7k A|A s i,

4, 4 1 A2 9 A A7) 71EE 22
Aosiglct, AeAl FH7ISTEHASOS)A 20219 ¢I5H
6~89)9] ¢ H3 E HA7|L {3 ARIE Hefst 7, o
27128 2% 2~4A], Y A7 24 4~6A1°f BIHSHA
HSEUSS ZASHT webA 2 Ate ¥ HT AFeEE
0% 2~ F HL ARER, I HA7| L 0A 464 F
A7 02 ALt o]F 3HF F 2 Altde] Hojx
13] olAte] 2A7|=0] 9= AAE FEMA (valid sensor)Z
sty O A (1Y 4-byoll YreRd 885t} RrEAlAf el
AoE =&t

AR, giole] Fdo] A= 2] ok dHE Aldste] A|AsI
t}. S-DoT AlAlE dulet 2 =& AA 9] 401 F577} h=2ct
ool whe} 885t ] FaANA A A 21 A7FeE W A A7)
2L ARES = 9l GRS AdEiT (A" 409 gl ¢
AEE P=E GaAA Y gig welet A3 20219 915F

222 "BEAE, Ms5TH M5 (2022)

(6~8%) 922 5 7990 FaH AIZHY 92 =2F U

A, #4220 33 e 2R 2 a7 249 tle
NEA B35 424710107 £l S-DoT AlAlE B4 3t df
A 53 AAsHeS ARE7] fEN(ME YT,
https://opengov.seoul.go.kr/) TS =845} gfo}
= 7 PREE tESh= 71 E o = Yok Bl A
o 22 e S-DoT AlA dlojele] 23 Sz Qls) 2 o
Fo] EAEA ] ARt FEAME F 885TE Uehdtt, o] 3t
AolA B85 F5AHNE S-DoT AX7ZF A AA= UL
BE BE PP5E ks 71AE 752 ot ol £
A= S-DoT AIA 718227t 2 Y4FS dE#d 4 Utk
73AE HAizt A=l (A" 4-b A" F-aMA7} Aol g
o o) AE 392707 9) YA F-S F7HA 9= st

A, B TA19 713 B8E A3 o8 §
3l A1 8852 S-DoT FEANZTE A A=
H A7 22 A&l HFAA 9] A7 9] 79 o
HeflA F9 3 Fdjof 230 F58hk= E2) 8 Alksia
o|1F A ATETH MM B9 7R e BT TR W
ske ZHde Aysiglch. ol YAFut AAE S-DoT AlA
o] -5 molet 3, & 1)) S-DoT AlX7F HA1E $3FL 4
F A o9 713 e 2= e, 20 o
S-dot A7} X E FHETY 39 AAE 7| FeE g2 Ahe
Batsto] 2833

3. 29 Fokd ot x|& &Y

FoPY W7t ABE 7|90, P, ASEHOZ PHHT
ASRISE 7F ARPES AR 52 oM M|4ulnerabil
ity index)7} 2REh, £ A7 The S Fo A2 2 )
Aol it H F1oP4 W7k A EES A2

1) E&2&Hstandardization)

A2 HE 992 S4S 7R AR EE REEE Fjtet
of shte] Z|EE Aefsl7] Qe WHEA] EE3Kstandariza-
tion) FHAo] B asict EHOZ Z-score W AA| LA =
d(re-scaling) o] E-&HI glon] & AFofA= UNDP
(2005)914] Altet AA| UG HE o83t 2A U=
e H0] HUglat gk o835l FYT WY 0~1=
3Pk Aoltid 7| - 7133, 2013). & A+ #2313
oA ol (outlier)oll 23t FFS HAT A AART 9
AlE e 52 T8 A AR 3T F 223800

z;; —min (z;)
max (z;;) — min (z;;)

(m

Py =
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) Location info. of
S-Dot (Temp, RH) Stationary S-dot (1062)

|
Ex)  Seral *Temp **RH Datetime

3012000 2
OC3CL200012 203 84 1:07:01 AM

2021-06-01
2:07:01 A “Temp, : Temparatura({C)

*RH : Relative Humidity

v
e

Two datasets are merged by
common identifier

i

Extract

OC3CL200012 196 88

E’ Extracting common observed

‘® sensors over the time frame

w

[}

L& ]

o

b

o | i bt i

fu | Mobile S-dot

- s T S A

(]
Processedin R Remove outliers

Removing abnormal hourly data

Processedin GIS

I

Define time range Define time range
Tdentifying the observation time of the Tdentifying the observation time of the
maximum temp. to create the "Days of minimum temp. to create the "Days of
Heat waves” Tropical nights”

Tropical nights

Valid S-dot (885)
L L r L l\(:J)
Calculate Calculate é
Temporal scope Spatial scope Calculating the Calculating the o
‘daily maximum sensory temp.’ ‘daily minimum temp.” -
.g“ for each sensor for each sensor @
2 c
‘C; L h 4 9
‘s Confirmation of NA Mapping in GIS Create Variables Create Variables é
. ; R Calculating the number of Calculating the number of
3 Makofurg\:llr:ag%‘:ﬁnmrs Choac:_:éns t:c dis_!:gu!mT of ] "Diys of Hentie! ‘Days of Tropicel mght P
8 are observed daily valid sensors in Seou {mailosnecry temp) =361 { min(temp.) = 25} O
@ I ] 3
\45 Ex) E’*
o Seral  Jun.1 M - Aug.31 @
t= o 7R rxn
= - =
= b o
= 7% b
(=} 5 a
o o { i} 3-
@ Allocating the : )
i l - arithmetic mean value . Allocatingatthe =
to the ‘dong” omesponding. dong o
Confirming the scope of research l l 3
79 out of 92 days 392 out of 424 ‘dong’s S

Climate exposure variables are constructed in ‘dong " units

Figure 3. Flowchart of S-DoT data processing
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a. Before data cleaning

.
L

+++ﬁ-ﬁ++++++ ++%+-H~++%%

"1 S TR R S it . e S B T T Ty I L

Tarnp('c)

25-

........................

0123458789 NNRBUBHTBRANRS
hour

After data cleaning

01234567¢8 9!011 $21!‘t-| BHTRRNIRD

A
LS. TE] Sty

G MIEREL G, UGS

i § 5 i3
_ z i i E
Month T Hemoved days
June 5,6.7.8 (4 days)
July 18,19 (2 days)
August 13,14,15,16,17,25,29 (7 days)

Figure 4. a) Detecting outliers, b) Confirming valid sensors and spatial scope, ¢) Confirming temporal scope

2) AE21| 7K5X|(entropy weighted method)

AEARA A Al e ATE €7] Halke A3E
ZF W] Ay Fa w9l 71 A (weight) S Hofdh= 2H¢lo]
Yasic Yutgoz oy H7kE Fae AFES AlREs
Eol| B3l 715A1E FoA31R] AYR7HE - 7 216N, 2008;
A4 2], 2013; Hefi& <, 2018), AHP 71¥-& S8 HIA]
73- 7184, 2009; T84 2, 2015; 7715 2], 2020; ALEA - 0]
%, 2014) AEZ] 7 (entropy weighted method)E
HGHATHAE= 2, 2021; o]AR] 2], 2020; Xu et al., 2018),

o] F & AtollA] 283t JERZ T 7152+ Shannon(1948)

o] HHo|2L AR 3} dERY] 71FA)= AHP B4, du}
o] 71 & ATALS] o] Y E AL B2 A7k H|-go] 485
= FHAQ 7154 AP ihiTke g B71EY] vlolE £4
ARE 7|Hto g = ATA 7I5A AW 3 shteltt
(Shannon, 1948). IERT|= dlojg] EAikglof uje} 23 =
7k A #ghe] ST #&4E 3 AR, WigE EoA 9l
255 QEZY] Flo] Zo| A HrHe|4dd 2], 2015). FAIAA
7hg2) APgug e ohgat gt

A, A QAH ARE FLD)2 FAsfok 3t ojuf ne
AR 74, mS BT EAF)Y 48 <Juldidt,

224 TREAE, ®s57HE H5E (2022)

L1y o Ty L1n
D=y - Ty |, Ty @
L1 zmj'” ]

A, A 0)0] w2k 2AYY2A BE3 AL T AR
Hg=2] A= ZHE)S A (3} T3l AHg
. - i;pijlnpij 3)
4 In(m)

oo R, A @AY B A=@)E A, 4 65)ol
o3 Al 7S A (w)E APFRI 7 ARl dER
9 715 E 283 Aate (E ) 2

4 =1-F @
&
™ ©)

7FeA] FoiE g nhrElRt #, 4 (6)°f met FE 7S
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Table 2. Entropy weight and ANOVA result

Category Variables Entropy weight df F value Pr (>F)
Climate Days of heatwaves 0.5804 2 8.222 0.000318 ***
EXPOSLIE Days of tropical nights 0.4096 2 82.44 <2e-16**
Percentage of the elderly people 0.0863 2 6.968 0.00106 **
Percentage of children 0.0251 2 5.123 0.00637 **
Percentage of disabled 0.0661 2 11.56 1.32e-05 ***
o Percentage of elders-living alone 0.0624 2 17.39 5.84e-08 **
Sensitivity
Percentage of low-income 0.0567 2 157 2.78e-07 **
Percentage of dilapidated housing 0.3185 2 3335 4 3e-14 ***
Percentage of impervious area 0.1608 2 2712 <2e-16**
Population density 0.2240 2 108.2 <2e-16**
Percentage of green area 0.6341 2 1189 <2e-16***
Cooling centers per 100,000 people 0.0427 2 1.322 0.268
Civil servant to population 0.0262 2 8.079 0.000365 ***
§g§§é2¥$ Social welfare budget per capita 0.1479 2 3.661 0.0266 *
Accessibility to public health center 0.0468 2 29.31 1.4e-12 ***
Accessibility to EMS 0.0554 2 34.12 2.22e-14 %%
Accessibility to fire station 0.0468 2 88.42 <2e-16***

Signif. codes: 0 ***' 0.001 * 0.01 *0.05"70.1""1

T 7S AN Al BE3} 2, dE=] 7153
w)E F3te] 7152, NAE, 35X S0, °f
£ ohAl A (1ol w2k 00flA] 1 Abe]9) gho & &S5t

sz‘mf.xt.e e:xposu’re, E(wj % pﬁj)
Sensitivity, = n 6)
Adaptive Capacity Index  Numberof Varaiables

4, ZFFUXH R8s A AS

2 A= 7H &2 HAIS A 3854 7182l K-means
4718 F8310] A&A BPFS IS8 BlASE
2E4 (non-hierarchical cluster analysis)}2 APl k712]
3 & AL 7 HolgE e wiAsks HAl S 2(Xu
and Wunsch, 2005), AKX A|zte] % o 82F djo|g] Ao f
2J3}7] 2ol of 2] A-toflA] ARg-E|L Qirt.

THEA oA 239 8 Bohe AL T8 2 AR
ot} 2y AAI 4 A AAof diet FEI 70| §io]
H-Rbe] wite] wef Zjolg By 4= ik, £ A= olH™ &
A e AR Al A o] AYS = 2 HoR gAlskaL
A Aol E4(silhouette analysis)¥t BE-L E4(elbow
method)& &3l 29| 23 k)& =&t UA ATl
42 24 W A= 23 2t ARE shute] A #E el

Qek= HHoltHRousseeuw, 1987). Aol A= -1914 1
Afele] gk& 719 19 7k AP} B oy
o7 AR BAelbow method)S 7 2o w2 23 U] &
Al EHwithin-cluster sum of squares, WCSS)& 1 ZE
ol glstka, o] 71&717F 45 Wahe A8 (elbow
point)Z &9 3 & wdsle 7ot & A o2t
22 ES B9l 239 24 kS =5 ¥ K-means &
RS 7t ASAIE FF FoH ol et F325

olF & A= #A 7 Al F-ou|gt Zol7} =AE

Fo1LA E4HE4 (analysis of variance, ANOVA)E 3712
TYeIG}, BAREALS F4ke] ZjolE o83ty 37 o) A
o 7 B Aol ABSe AR, F S AR Y &
A

o] 2 7H9] Hl& A4S F3l A 7k AolE HE3h= B
71 o175, 2010).

Iv. 24gx

I 5+ A9 24 58 AR A3l 23 5= iF
B 1071717)9] A7 2 LRS- 255 AR Aifot, 7]
<71 L o) AR 27k 7P wem, dE-e o] 7]
271% 7P BT A o2 Yyt ol vhge R 4184 30270
o] HEE Vhef e R A (OF 5-byet 2L

Journal of Korea Planning Association Vol.57, No.5 (2022) 225



x| Ze

a. Silhouettes Analysis | b
$ : K-means (k=3)
é 2 1 1(8)
: b 2(95)
S T T T =% Hl seo
Number of clusters K Removed ‘dong's
Elbow Method
;s .
£\
;s’ “H\-‘“'x.
; oo |
C Climate cluster
Exposure |
os a2
K
L A 012
Adaptive Sensitivity
Capacity

Esri, HERE, Garmin,

Figure 5. a) Result of silhouettes and elbow indices (k=3~10), b) Result of K-means clustering analysis (k=3),

¢) Vulnerability index radar chart by cluster

B, (13 5-0 & 33 23 7 E4 A A zjolg AA|
o= motsh 4= Qi) B dAFtofrs 2 7h Al $9
njgt zjolE AF3aAt FARA S 71 it 1 F
I}, A7 FrifdE A E ALF 16709 AlFASoA
7] 7 ZJol7h F-o%t Ao & ettt BAFI= (& 2ol Al
Alstglen], (19 6)2] HAER(boxplot)& B3l AlZHHoz
BRI 4= Sl

Zr 234 S AR Avke o3 o WA 231 &
3 P52 96712 Ve 1 F82 A 23 F 713 ed
(0.3452) & 97=(0.3013)7F 7 1L 3-3-52(0.7264) 7t
B2 AYoE et F2 ASA XY 9 3 &
S wet Bxsh, FAAoR s o|&Ee] kgl Aot
7 ol A9 T, AT, =T, AZT A7} st
o} (& 3)E T3l ARNE 2 7 2 ok FEH A8 5
M) PHFS AW, YT FAIF, 25T PU2E, Adl
T 3FA2E, =97 A1, 727 22T elE X Q2
o 9123t PAFFANN 2 713 ALE B UHEE
9 AT, 28F, AR BT, WIEET 5 AEE A
oo] miztert 71 Ee A og 2ALE R R A5y
Age ZET o1, 8T A3 45, =47 382%F T A
SA] ZAIE AAe YA FNA =A dehddh old A YA

226 "IEAE, ®HsTHE M55 (2022)

53 7M 2 WE A5E Hole T B2 0 M &
2 A$5T ARE Kol FHT folFo] 1o =3 A
S T 4= Qi) (¥ )& Bl T T AFHS Afolg A
HE A #3419 71 FeE: FE 5 Fdokdert o2 3o
3l F2 A5 o &3 a2 & o Aok w3 3=
HE 5 5 OESY v, ERSUA 0|, FUE § B4
Aol Adizoz g FHokelal, 2353 KR E 3 ¥
A WA o] Y5s) &2 v wro @A AR ML 717

2 A& EIsHoic)

200 ¥ 95712 A Fol &3 Sick. 29 B9 7%
=%(0.4967), T7(0.5729), 2-8-53(0.5819)0] BF H&
o yehston 53] 7|15kedo] A 23 3 7H A =&E
ek #2 L 2L, BEF, FET, T Yo £
SHL ok, FAF 2= A YT F M 2L 71 FeE A
$E Hols FE 1255 F2E 75, 4E, A+aA
T 9FET EiFo] 2o Yol =& AYoE Yehte
o, $4H7 BE, L9 AT, 48T ARKE, T 53t
2% 9 HE2% 59 U= A7t w2 Ao A
$58Y AS 2 /T2 Y E HYY F2 T AHT L
SEAEI 78T e, 1% SolA B4 =E2EU.
A2 F8L T 9 5271 o= A= 249 A FYel= £
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Table. 3. Top and Bottom 5 ‘dong's by cluster vulnerability index

o Climate exposure Sensitivity Adaptive capacity
Top 5 ‘dong’s Bottom 5 ‘'dong's  Top 5'dong’s  Bottom 5 ‘dong’s Top 5 ‘dong’s Bottom 5 ‘dong’s
Ichon 2-dong Junggye 1-dong  Siheung 5-dong  Dunchon 1-dong Ui-dong Daechi 2-dong
(0.583) (0.008) (0.616) (0.000) (1.000) (0.273)
Oksu-dong Myeongil 2-dong Jeongneung Wirye-dong Sanggye 3,4-dong  Jamsil 4-dong
(0.556) (0.077) 3-dong (0.537) (0.031) (0.958) (0.358)
Cluster 1 Hapjeong-dong Hongje 2-dong  Hongeun T-dong Oryun-dong Gongneung 2-dong Mok 5-dong
(n=96) (0.556) (0112) (0.528) (0.050) (0.956) (0.424)
Banpobon-dong  Sanggye 1-dong  Mangubon-dong  Banpo 2-dong Jingwandong Wirye-dong
(0.552) (0.119) (0.525) (0.071) (0.954) (0.426)
Mok 1-dong Oryu 2-dong Nokbeon-dong  Banpobon-dong  Gonghang-dong Seocho 3-dong
(0.551) (0.147) (0.507) (0.076) (0.949) (0.437)
Guro 5-dong Cheonyeon-dong  Bogwang-dong Cheongdam-dong Samcheong-dong  Samjeon-dong
(1.000) (0.193) (0.882) (0.287) (0.968) (0.367)
Muak-dong Samyang-dong  Sanggye 5-dong  Sinjeong 6-dong Insu-dong Beon 3-dong
(0.871) (0.211) (0.843) (0.316) (0.845) (0.375)
Cluster2  Samcheong-dong Beon 3-dong Samyang-dong Samseong 1-dong Suyu 1-dong Chang 2-dong
(n=95) (0.850) (0.228) (0.824) (0.335) (0.838) (0.378)
Cheongunhyoja-dong ~ Muk 1-dong Junghwa 2-dong Dangsan 2-dong  Myeonmok 7-dong Hwigyeong 2-dong
(0.822) (0.244) (0.797) (0.356) (0.817) (0.385)
Mullae-dong Bulgwang 2-dong Myeonmok 2-dong Seocho 1-dong Cheongunhyoja-dong  Guro 5-dong
(0.790) (0.270) (0.788) (0.403) (0.812) (0.396)
Changsin 3-dong Yeonhui-dong  Changsin 2-dong  Daechi 1-dong Banghak 1-dong Banpo 1-dong
(0.889) (0.000) (1.000) (0.187) (0.394) (0.000)
Hwagok 2-dong ~ Bukgajwa 1-dong Noryangjin 2-dong  Sogong-dong Noryangjin 2-dong Bangbaebon-dong
(0.857) (0.104) (0.938) (0.239) (0.370) (0.015)
Cluster3 Geumho 1-ga-dong Sadang 5-dong  Songcheon-dong  Seocho 2-dong Junggok 3-dong Bangi 2-dong
(n=201) (0.827) (0.156) (0.935) (0.283) (0.356) (0.017)
Changsin 2-dong Donam 2-dong  Jangwi 2-dong Banpo4-dong  Ssangmunl-dong  Seokchon-dong
(0.806) (0177) (0918) (0.308) (0.347) (0.017)
Sangdo 2-dong  Samgaksan-dong Garibong-dong Namgajwa 1-dong  Gaebong 2-dong Seocho 4-dong
(0.800) (0.207) (0.908) (0.326) (0.345) (0.021)
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Figure 6. Boxplot of ANOVA result
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